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(54) Diesel particulate filter unit and regeneration control method of the same 



(57) A diesel particulate filer unit 1 comprising a filter 
4 for capturing particulates in the exhaust gas G of an 
engine E, and a regeneration control means 50 judging 
the start of the regeneration operation of said filter 4, 
according to the comparison between the value meas- 
ured by exhaust pressure sensors 51 , 52 and a prede- 
termined exhaust pressure judgment value APes, Pes, 
Res wherein said regeneration control means 50 is con- 
figured to estimate the ash accumulated quantity SAsh 



of ash leaked into the exhaust gas G and accumulated 
in said filer 4, and correct said exhaust pressure judg- 
ment value APes, Pes, Res forjudging the regeneration 
operation start based on this. Thereby, a diesel particu- 
late filter that can judge the regeneration start timing ap- 
propriately, taking accumulation and deposit of ash gen- 
erated from lubricant oil on the filter into consideration, 
and remove particulates efficiently all the way prevent- 
ing the filter from clogging is provided. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention concerns a continuous 
regeneration type diesel particulate filer unit for cleaning 
the exhaust gas by capturing particulate of a diesel en- 
gine and a regeneration control method of the same. 
[0002] The restriction of discharge quantity of partic- 
ulate (the PM: particulate: referred to as the PM herein- 
after) discharged from the diesel engine is reinforced 
year by year together with NOx, CO and HC or the oth- 
ers. Therefore, a technique for reducing the quantity of 
the PM discharged outside, by capturing the PM by 
means of a filter called diesel particulate filer (DPF: Die- 
sel Particulate Filter: referred to as DPF hereinafter) has 
been developed. 

[0003] The DPF for capturing the PM includes mono- 
lith honeycomb form wall flow type filters made of ce- 
ramics, fiber filter type filters made of fiber shape ceram- 
ics or metal, or the others. The exhaust emission control 
device using these DPFs are installed in the middle of 
the engine exhaust pipe, similarly to the other exhaust 
emission control devices, for cleaning exhaust gas gen- 
erated in the engine before discharging. 
[0004] However, the filter of DPF unit for the PM cap- 
ture is clogged gradually along with the capture of the 
PM and the exhaust pressure raises substantially in pro- 
portion to the quantity of captured the PM, thus requiring 
to remove the PM from the filer. Mainly three kinds of 
method and unit have been developed. 
[0005] The first of them concerns a regeneration unit 
and method of the same for using two filters alternately 
to capture the PM in exhaust gas by one filter and re- 
generate by burning the captured the PM heating by the 
other filter through an electric heater or the like. 
[0006] The second method and unit consists in using 
a solid filer as filter, disposing an oxidation catalyst up- 
stream the solid filter, and treating the PM captured in 
the solid filter by a chemical reaction based on the oxi- 
dation catalyst. 

[0007] The third method and unit consists in using a 
solid filter provided with catalyst and a catalyst additive 
agent for accelerating the burning of the PM. 
[0008] Primary clogging factors of these DPF units in- 
clude, in addition to smog or the like that are unburned 
components of the fuel and ash of burned lubricant oil. 
[0009] The lubricant oil is supplied to different parts of 
an engine and the periphery of piston rings from a lubri- 
cant oil reservoir to circulate in the engine, and pene- 
trates into the engine cylinder from the peripheries of 
piston rings and valves. 

[001 0] When the lubricant oil is exposed to a high tem- 
perature in the engine cylinder, calcium, zinc or other 
ingredients contained in the lubricant oil are not burned 
and remain as ash, and the ash is contained and borne 
by the exhaust gas and captured by the filter of a DPF 
unit. 



[001 1] Moreover, the ash captured by the filter is not 
burned and not removed by the filter regeneration oper- 
ation or the others and accumulated in the filter even 
slightly. Lubricant oil leaks extremely slightly on the or- 
5 der of several tens of litter per ten thousand km of 
traveling; however, its total amount can not be neglected 
as the mileage increases. If the mileage attains the order 
of several ten thousand km or a hundred thousand km, 
the filter clogging due to the ash deposit and accumula- 
te tion progresses, affecting the exhaust pressure before 
and after the filter. 

[0012] On the other hand, in the DPF unit of the relat- 
ed art, the clogging of filter due to the PM is judged by 
comparing the exhaust pressure measured before and 

15 after the filter and a predetermined exhaust pressure 
judgment value, and it is so controlled to start the filter 
regeneration operation, when exhaust pressure, differ- 
ence pressure, pressure ratio or the others calculated 
from the measured exhaust pressure exceeds the pre- 

20 determined judgment value. 

[001 3] However, the PDF unit of the related art has a 
problem that the exhaust pressure raises gradually 
along with the increase of mileage, as the filter clogging 
due to ach generated from the lubricant oil is not con- 

25 sidered, making the judgment to start the regeneration 
operation becomes gradually inappropriate. 
[0014] Besides, the second and the third units are 
units for lowering the burning start temperature of the 
PM by the function of a catalyst such as y alumina, Pt, 

30 zeolite, or the like supported by the filter, and incinerat- 
ing the PM by the exhaust gas, called "continuous re- 
generation type DPF". 

[0015] In case of the continuous regeneration type 
DPF, the temperature of exhaust gas flowing in the PDF 

35 may be increased to a temperature for activating the cat- 
alyst (par example, equal or superior to 250 °C). 
[0016] The PM cleaning mechanism in the exhaust 
gas is different according to engine operation areas 
(torque and engine speed) (C1), (C2) as shown in Fig. 

40 17. 

[0017] First, in the area (C1 ), carbon (C : the PM) is 
oxidized to carbon dioxide (C0 2 ) through a reaction 
(4Ce0 2 + C -> 2Ce0 3 + C0 2 , 2Ce0 3 + 0 2 -> 4Ce0 2 ) 
by catalytic action of the a filter with catalyst 4, while in 

45 the area (C2), carbon (C : the PM) is oxidized to carbon 
dioxide (C0 2 ) through a reaction (C + 0 2 —» C0 2 ). 
[0018] Then, in the engine operation areas (torque 
and engine speed) (C1), (C 2 ) as shown in Fig. 17, the 
PM in the exhaust gas G is cleaned continuously regen- 

50 erating the filter with catalyst 4, by cleaning the PM cap- 
tured by the filter with catalyst 4. It should be appreciated 
that though the division between these (C1 ) and (C2) is 
schematically shown in Fig. 17, there is not necessarily 
a clear boundary, but main reaction varies gradually. 

55 [001 9] However, for the continuous regeneration type 
DPF unit, in case where the exhaust gas temperature 
corresponding to the engine operation area (D) in Fig. 
17 is low, the catalyst temperature lowers deteriorating 
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the catalyst activity, and therefore, the aforementioned 
action does not occur, and the filter can not be regener- 
ated by oxidizing the PM. Consequently, the PM contin- 
ues to accumulate, clogging the filter. 
[0020] Especially, during idling or low load driving, 5 
and during engine brake operation on a downhill or the 
others, the fuel burns hardly, and a cool exhaust gas 
flows into the filter with catalyst, lowering the catalyst 
temperature and deteriorating the catalyst activity. 
Moreover, the PM deposits on the filter during the driving 1 o 
period of time where the filter can not be regenerated. 

BRIEF SUMMARY OF THE INVENTION 

[0021] The first object of the present invention is to is 
provide a diesel particulate filer unit (DPF unit) allowing 
to judge appropriately the start timing of regeneration 
operation, by estimating the state of accumulation of ash 
generated from a lubricant oil and correcting or compen- 
sating the exhaust pressure judgment value concerning 20 
the exhaust pressure used forjudging the regeneration 
start, with the ash accumulated estimation value, and to 
remove the PM efficiently, all the way preventing the fil- 
ter from clogging. 

[0022] The second object of the present invention to 25 
provide a DPF unit allowing to remove the PM efficiently 
all the way preventing securely the filter from clogging, 
by controlling the engine exhaust gas temperature, 
through surveillance of the accumulation state of the 
PM. 30 
[0023] The DPF unit for achieving the first object is 
configured as follows. 

1 ) A DPF unit comprising a filter for capturing par- 
ticulates in the exhaust gas of a diesel engine, an 35 
exhaust. pressure sensors disposed in an exhaust 
passage, and a regeneration control means for 
starting the regeneration operation of said filter, ac- 
cording to the judgment results based on the com- 
parison between the exhaust pressure measured 40 
by the exhaust pressure sensors and a predeter- 
mined exhaust pressure judgment value, and re- 
generating said filter by removing particulates cap- 
tured by said filter through combustion or chemical 
reaction by a catalyst, wherein said regeneration 45 
control means is configured to estimate the ash ac- 
cumulated quantity of ash leaked into the exhaust 
gas and accumulated in said filer and to correct said 
exhaust pressure judgment value forjudging the re- 
generation operation start based on said ash accu- 50 
mulated estimation value. 

Concerning the DPF unit and its regeneration 
operation, as follows, there are regeneration oper- 
ations corresponding respective type of PDF unit; 
the other PDF units or regeneration operations may 55 
by devised. 

The regeneration operation used often for a 
PDF unit changing over a plurality of filters alter- 



nately includes an operation to incinerate particu- 
lates by turning on a heating heater disposed in the 
filter and heating the filer to the particulate combus- 
tion temperature or higher. Moreover, the regener- 
ation operation for a DPF unit supporting a catalyst 
by the filter includes an operation for removing par- 
ticulates through a chemical reaction by the cata- 
lyst, by raising the exhaust gas temperature. 

Besides, the judgment based on the compari- 
son between the exhaust pressure measured by the 
exhaust pressure sensors and the predetermined 
exhaust pressure judgment value includes manners 
of judgment described below, or manners of judg- 
ment by the combination thereof; however, the oth- 
er judgments may be adopted provided that they 
use the exhaust pressure and the predetermined 
exhaust pressure judgment value. 

One of them consists in comparing the exhaust 
pressure Pe measured by an exhaust pressure sen- 
sors disposed upstream the filter and a predeter- 
mined exhaust pressure judgment value Pes, and 
starting the regeneration operation when the meas- 
ured exhaust pressure Pe exceeds the predeter- 
mined exhaust pressure judgment value Pes. 

Another one consists in comparing the differen- 
tial pressure APe = Pe - Peb between the exhaust 
pressure Pe measured by an exhaust pressure sen- 
sors disposed upstream the filter and the exhaust 
pressure Peb measured by an exhaust pressure 
sensors disposed downstream the filter with a pre- 
determined exhaust pressure judgment value 
APes, and starting the regeneration operation when 
the measured exhaust pressure APe exceeds the 
predetermined exhaust pressure judgment value A 
Pes. 

Besides, there is also a judgment method for 
comparing the pressure ratio Re = Pe/Peb and a 
predetermined pressure ratio judgment value Res, 
in place of differential pressure APe , and starting 
the regeneration operation when the measured 
pressure ratio Re exceeds the predetermined pres- 
sure ratio judgment value Res. 
2) The aforementioned DPF unit, wherein the re- 
generation control means is configured to calculate 
the ash quantity accumulated in said filter during an 
engine operation state, from the torque of an engine 
and the engine speed, and to calculate the ash ac- 
cumulated estimation value, through the cumulative 
computation of the calculated ash quantity. 

For calculating the ash quantity Ash of combus- 
tion remaining ash of leaked lubricant oil depositing 
and accumulating on the filter during the operation 
state of an engine, from the torque Q of the engine 
and the engine speed Ne, a map data Mash (Q, Ne) 
and a function fash (Q, Ne) are prepared, and they 
are used. The map date Mash is to be determined 
beforehand from the relation between the torque Q 
of an engine and the engine speed Ne obtained by 
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experiment and computation, and the ash quantity 
Ash to be accumulated in the filter during such en- 
gine operation state. 

The ash quantity can be determine from the 
quantity of lubricant oil consumed according to the 5 
engine operation state, by means of experiment or 
computation. Besides, as an ash quantity is pro- 
duced on the order of 8 g to 1 0 g by one (1 ) litter of 
lubricant oil, the map data Mash (Q, Ne) and the 
function fash (Q, Ne) can also be obtained by con- 10 
verting the exhaust pressure increment due to the 
clogging of the filter with the ash quantity, from the 
ash quantity. 

3) The aforementioned DPF unit, wherein the re- 
generation control means are configured to calcu- *5 
late an exhaust pressure coefficient corresponding 

to said ash accumulated estimation value, and cor- 
rect said exhaust pressure judgment value to a val- 
ue determined by multiplying a reference judgment 
value by the exhaust pressure coefficient. 20 

In short, an exhaust pressure coefficient a1 
corresponding to the ash accumulated estimation 
value SAsh = Z (Ash x At) is calculated, the refer- 
ence judgment value APeO, PeO, ReO is multiplied 
by the exhaust pressure coefficient oe1 to deter- 25 
mined the value of cc1 x APeO, oc1 xPeO, a1 xReO 
and the reference judgment value APeO, PeO, ReO 
is replaced, by the value, to correct. 

4) The aforementioned DPF unit, wherein the re- 
generation control means is configured to calculate 30 
the reference judgment value, from the torque of an 
engine and the engine speed, of the time when the 
exhaust pressure forjudging the regeneration start 
timing is measured by an exhaust pressure sensor. 

35 

[0024] In the calculation of the reference judgment 
value APeO, PeO, ReO also, the reference judgment val- 
ue APeO, PeO, ReO for judging the regeneration start 
timing concerning the operation state of an engine pre- 
senting an engine torque Q and an engine speed Ne is 40 
obtained beforehand by experiment or computation, 
they are prepared as map data MApeO (Q, Ne), MpeO 
(Q, Ne), MreO (Q, Ne) or function fApeO(Q, Ne), fpeO 
(Q, Ne), freO(Q, Ne), and they are used. 
[0025] The regeneration control method of the DPF 45 
unit for achieving the aforementioned first object is con- 
figured as follows. 

1) In a diesel particulate filer unit comprising a filter 
for capturing particulates in the exhaust gas of a die- 50 
sel engine, exhaust pressure sensors disposed in 
an exhaust passage, and a regeneration control 
means for starting the regeneration operation of 
said filter, according to the judgment results based 
on the comparison between the exhaust pressure 55 
measured by the exhaust pressure sensors and a 
predetermined exhaust pressure judgment value, 
and regenerating said filter by removing particu- 



lates captured by said filter through combustion or 
chemical reaction by a catalyst, the ash accumulat- 
ed quantity of ash leaked into the exhaust gas and 
accumulated in said filer is estimated and said ex- 
haust pressure judgment value for judging the re- 
generation operation start based on an ash accu- 
mulated estimation quantity is corrected. 

2) The regeneration control method of the afore- 
mentioned DPF unit, configured to calculate the ash 
quantity accumulated in said filter during an engine 
operation state, from the torque of an engine and 
the engine speed, and to calculate the ash accumu- 
lated estimation value, through the cumulative com- 
putation of the calculated ash quantity. 

3) The regeneration control method of the afore- 
mentioned DPF unit, configured to calculate an ex- 
haust pressure coefficient corresponding to the ash 
accumulated estimation value, and correcting the 
exhaust pressure judgment value, to a value deter- 
mined by multiplying the reference judgment value 
by the exhaust pressure coefficient. 

4) The regeneration control method of the afore- 
mentioned DPF unit, configured to calculate the ref- 
erence judgment value, from the torque of an en- 
gine and the engine speed, of the time when the 
exhaust pressures forjudging the regeneration start 
timing are measured by exhaust pressure sensors. 

[0026] According to the DPF unit of the aforemen- 
tioned composition and the regeneration control method 
of the same, the following functional effects can be ob- 
tained. 

[0027] The effect of accumulation in the filter of ash 
left after the combustion of lubricant oil leaking from the 
cylinder of an engine into the exhaust gas is reflected 
on the judgment of regeneration start timing, because 
the exhaust pressure judgment value to be used for 
judging the regeneration operation start is corrected or 
compensated with the accumulated estimation value 
(deposit calculated value) of the lubricant oil, all the way 
estimating the state of accumulation and deposit on the 
filter of ash left after the combustion of lubricant oil of 
the engine. As the result, the judgment of regeneration 
start timing is performed always appropriately. 
[0028] Then, the ash quantity accumulating in the fil- 
ter is calculated from the torque of the engine and the 
engine speed, using the relation between torque of the 
engine and engine speed and ash accumulation quan- 
tity, determined beforehand through experiment or com- 
putation, and the ash accumulated estimation value can 
be estimated correctly by a simple algorithm, by calcu- 
lating the accumulated estimation value through a cu- 
mulative computation of the ash quantity. 
[0029] In addition, for the correction of exhaust pres- 
sure judgment value, as an exhaust pressure coefficient 
corresponding to the accumulated estimation value is 
calculated, and the exhaust pressure judgment value is 
corrected to a value determined by multiplying the ref- 
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erence judgment value by the exhaust pressure coeffi- 
cient, the operation for reflecting the effect of lubricant 
oil on the judgment of regeneration start timing becomes 
an extremely simple computation. 

[0030] Moreover, as the reference judgment value is 5 
calculated from the torque of engine and the engine 
speed of the time when the exhaust pressure forjudging 
the regeneration start timing, using the relation between 
torque of the engine and engine speed and ash accu- 
mulation quantity, determined beforehand through ex- 10 
periment or computation, and the exhaust pressure 
judgment value is calculated from the reference Judg- 
ment value, the measured exhaust pressure and the ex- 
haust pressure judgment value for comparison judg- 
ment result in being able to be compared one the other 15 
for the operation state of a same engine. Consequently, 
the difference of exhaust pressure due to the difference 
of operation state of the engine is cancelled, the judg- 
ment of regeneration start timing can be performed 
more finely and appropriately. 20 
[0031] As a result, the regeneration start timing of the 
filter of the DPF unit can be judged correctly, even when 
the mileage of a diesel engine vehicle having the DPF 
unit on board. Consequently, it can travel removing the 
PM efficiently by preventing the filter from clogging. 25 
[0032] Moreover, a DPF unit for achieving the second 
object is configured as follows. 

1 ) A continuous regeneration type diesel particulate 
filer unit comprising a filter with catalyst for captur- 30 
ing particulates in the exhaust gas from a diesel en- 
gine and, burning the captured particulates by cat- 
alytic action, wherein an oxidation catalyst is dis- 
posed upstream the filter with catalyst, for raising 

the exhaust gas temperature through oxidation of 35 
HC and CO in the exhaust gas. 

According to the configuration, the oxidation 
catalyst disposed upstream the continuous regen- 
eration type filter with catalyst can oxidize carbon 
monoxide (CO) and unburned fuel (HC) or the like *o 
in the exhaust gas, for raising the exhaust gas tem- 
perature flowing into the filter with catalyst. There- 
fore, the temperature of the filter with catalyst can 
raise even in an engine operation state at a relative- 
ly low exhaust gas temperature, allowing to burn 45 
and remove particulates (the PM) being captured. 

Then, in a normal operation, during an opera- 
tion state (A) of an engine of low revolution speed, 
the PM are burned and removed by raising the ex- 
haust gas temperature, through execution of fuel in- so 
jection control such as retard operation of main in- 
jection timing and post injection or the like, as men- 
tioned below, when the filter with catalyst comes to 
be clogged. 

2) The aforementioned continuous regeneration 55 
DPF unit comprising a regeneration control means 

for performing a regeneration processing against 
the clogging of said filter with catalyst and, wherein 



said regeneration control means is configured to ac- 
tivates said oxidation catalyst by raising the exhaust 
gas temperature through fuel injection control of an 
engine, during regeneration of said filter with cata- 
lyst under an engine operation condition where the 
exhaust gas temperature of the engine is lower than 
the activation temperature of said oxidation cata- 
lyst, for burning and removing particulates captured 
by said filter with catalyst. 

According to the configuration, the exhaust gas 
temperature raises, the oxidation catalyst is activat- 
ed and the temperature of exhaust gas passing 
through the oxidation catalyst raises furthermore, 
through execution of fuel injection control such as 
retard operation of main injection timing and post 
injection or the like, even in an operation state of an 
engine of low torque and low revolution speed, 
where the exhaust gas temperature is low, and the 
captured particulates can not be burned and re- 
moved, by a continuous regeneration type DPF unit 
of the related art. 

Therefore, the temperature of the filter with cat- 
alyst raised, and particulates captured by the filter 
with catalyst are burned and removed by catalytic 
action of the filter with catalyst. Consequently, the 
filter with catalyst is not clogged even during a pro- 
longed idling operation, a low speed operation, or a . 
downhill traveling operation where the engine brake 
is activated, allowing to capture continuously par- 
ticulates in the exhaust gas. 

On the other hand, as combustion of particulate 
is made to be controlled by controlling the exhaust 
gas temperature through retard operation of main 
injection timing or post injection of fuel injection, 
without using a heating heater, the fuel injection 
comes to be performed by a fuel injection control 
unit which is already installed. Consequently, it be- 
comes unnecessary to install additionally a heater 
for heating, a power supply, or other new equipment 
or new control units, allowing to make the whole unit 
compact. Consequently, it results in an unit that can 
be attached simply to a vehicle. 

3) The aforementioned continuous regeneration 
type DPF unit, configured to raise the exhaust gas 
temperature by said fuel injection control in multiple 
stages equal or superior to two stages. 

According to the configuration, the exhaust gas 
temperature is raised in multiple stages equal or su- 
perior to two stages, preventing an uncontrolled 
combustion from occurring when the PM accumu- 
lated in the filter with catalyst burns suddenly in a 
manner of chain reaction, and avoiding damage of 
the filter with catalyst when its temperature be- 
comes equal or superior to the fusion damage tem- 
perature. 

4) Also, the aforementioned continuous regenera- 
tion type DPF unit, wherein said fuel injection con- 
trol is configured to comprise, at least, either one of 
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retard operation of main injection or post injection 
operation. 

[0033] According to the configuration, as retard oper- 
ation of main injection and post injection operation are 5 
adopted as fuel injection control, one can cope only by 
changing the program of an existing fuel injection control 
unit, and the filter regeneration becomes possible rela- 
tively simply even in a low torque, low revolution speed 
area of an engine. 10 
[0034] In addition, the regeneration control method of 
the continuous regeneration type DPF unit for achieving 
the aforementioned second object is configures as the 
following method. 

15 

1 ) In a continuous regeneration type diesel particu- 
late filer unit formed by comprising a filter with cat- 
alyst for capturing particulates in the exhaust gas 
from a diesel engine and, burning the captured par- 
ticulates by catalytic action, and an oxidation cata- 20 
lyst disposed upstream the filter with catalyst, for 
raising the exhaust gas temperature through oxida- 
tion of HC and CO in the exhaust gas, a method 
configured to raise the exhaust gas temperature 
through fuel injection control of the engine, during 25 
the regeneration of said filter with catalyst under an 
engine operation condition where the exhaust gas 
temperature of the engine is lower than the activa- 
tion temperature of said oxidation catalyst, in order 

to burn and remove particulates captured by said 30 
filter with catalyst. 

According to the aforementioned method, the 
exhaust gas temperature raises, the oxidation cat- 
alyst is activated and the captured particulates are 
burned and removed by catalytic action of the filter 35 
with catalyst, through execution of fuel injection 
control such as retard operation of main injection 
timing and post injection or the like, in an operation 
state of an engine of low torque and low revolution 
speed, where the exhaust gas temperature is low, 40 
the oxidation catalyst is poorly active, and the cap- 
tured particulates can not be burned and removed, 
by a regeneration control method for continuous re- 
generation type DPF unit of the related art. There- 
fore, the filter with catalyst is not clogged even dur- 45 
ing idling operation, low speed operation, or such a 
downhill traveting operation that the engine brake 
is activated, allowing to capture continuously par- 
ticulates in the exhaust gas. 

2) The regeneration control method of the afore- so 
mentioned continuous regeneration type DPF unit, 
configured to raise the exhaust gas temperature by 
said fuel injection control in multiple stages equal 

or superior to two stages. 

According to the method, the exhaust gas tern- 55 
perature is raised in multiple stages equal or supe- 
rior to two stages, preventing the PM accumulated 
in the filter with catalyst from burning suddenly in a 



manner of chain reaction, and damaging the filter 
with catalyst when its temperature becomes equal 
or superior to the fusion damage temperature. 

3) The regeneration control method of the afore- 
mentioned continuous regeneration type DPF unit, 
wherein said fuel injection control is configured to 
comprise, at least, either one of retard operation of 
main injection or post injection operation. 

According to the method, as retard operation of 
main injection and post injection operation are 
adopted as fuel injection control, one can cope only 
by changing the program of an existing fuel injection 
control unit, and the filter with catalyst can be re- 
generated relatively simply even in a low torque, low 
revolution speed area of an engine. 

4) The regeneration control method of the afore- 
mentioned continuous regeneration type DPF unit, 
configured to raise at first the exhaust gas temper- 
ature through retard operation of fuel main injection 
and to raise further the exhaust gas temperature, 
by adding the fuel post injection operation, when the 
temperature of the exhaust gas flowing into said fil- 
ter with catalyst attains a predetermined first target 
temperature value. 

According to the method, the exhaust gas tem- 
perature is raised through retard operation of main 
injection timing for preheating the oxidation cata- 
lyst, during the start of regeneration mode opera- 
tion, and after activation of the oxidation catalyst, 
the post injection is performed, allowing to prevent 
white smoke from generating, which otherwise 
tends to generate during the regeneration start. 

5) The regeneration control method of the afore- 
mentioned continuous regeneration type DPF unit, 
configured to further raise the exhaust gas temper- 
ature, by increasing the injection quantity of fuel 
post injection, after the temperature of the exhaust 
gas flowing into said filter with catalyst attains a pre- 
determined second target temperature value by a 
post injection of fuel of a given quantity, during said 
fuel post injection operation. 

According to the method, a sudden tempera- 
ture elevation due to a sudden combustion of de- 
posited the PM in a chain reaction manner can be 
prevented, and the fusion damage of the filter with 
catalyst can be avoided, because the temperature 
of exhaust gas entering the filter with catalyst in two 
stages or multiple stages. 

6) The regeneration control method of the afore- 
mentioned continuous regeneration type DPF unit, 
configured to estimate the quantity of particulate to 
be accumulated in said Miter with catalyst during the 
operation of an engine and the quantity of particu- 
late to be burned and removed from the operation 
state of the engine, calculate the accumulated esti- 
mation value of particulate by cumulative computa- 
tion, and to judge the regeneration start by using 
whether the accumulated estimation quantity of the 
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particulate has exceeded a predetermined accumu- 
lation quantity or not. 

According to the method, as the regeneration 
mode operation can be entered, when the accumu- 
lated estimation quantity of particulate has exceed- 
ed the predetermined accumulation quantity, along 
with the estimation computation of accumulation 
state of the particulate, the regeneration of filter with 
catalyst can be performed with an optimal timing. 

[0035] Therefore, the particulate can be captured, 
burned and removed efficiently, all the way preventing 
the fuel efficiency from deteriorating. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] 

Fig. 1 is a composition diagram of the diesel partic- 
ulate filer unit of a first embodiment of the present 
invention; 

Fig. 2 is a flow diagram illustrating a judgment flow 
of regeneration start timing of the diesel particulate 
filer unit of the first embodiment of the present in- 
vention; 

Fig. 3 is a flow diagram illustrating a correction flow 
of exhaust pressure judgment value; 
Fig. 4 is a schematic diagram of map data showing 
the relation between torque of engine and engine 
speed, and ash quantity to be accumulated in a filter 
within a unit period of time; 

Fig. 5 is a diagram showing the relation between 
ash accumulated estimation value and exhaust 
pressure coefficient; 

Fig. 6 is a schematic diagram of map data showing 
the relation between torque of engine and engine 
speed, and reference judgment value for judging 
the regeneration start timing; 
Fig. 7 is a composition diagram of the continuous 
regeneration type diesel particulate filer unit of a 
second embodiment of the present invention; 
Fig. 8 is a flow diagram showing a regeneration con- 
trol method of the continuous regeneration type die- 
sel particulate filer unit of the second embodiment 
of the present invention; 

Fig. 9 is a flow diagram for estimation computation 

of the PM accumulated estimation value; 

Fig. 10 is a flow diagram of a temperature elevation 

first stage of preliminary heating by the retard of 

main injection of fuel injection; 

Fig. 11 is a flow diagram of a temperature elevation 

second stage of the PM combustion start by a post 

injection of a fixed quantity of fuel injection; 

Fig. 12 is a flow diagram of a temperature elevation 

third stage of the PM combustion by an increase of 

post injection quantity of fuel injection; 

Fig. 1 3 is a flow diagram of a temperature elevation 

forth stage of the PM purge by a further increase of 
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post injection quantity of fuel injection; 
Fig. 14 is a time series diagram showing the chronic 
evolution of DPF entrance temperature in the re- 
generation mode operation; 
Fig. 15 is a diagram showing a map date of the PM 
quantity used for calculating the PM accumulated 
estimation value, (a) a diagram showing the bal- 
ance point, (b>a diagram showing a portion where 
the map data of a the PM accumulation area (A) 
exists, and (c) a diagram showing a portion where 
the map data of a the PM accumulation area (B) 
exists; 

Fig. 16 is a diagram for judgment of the PM accu- 
mulated estimation value at the regeneration mode 
operation start, (a) a diagram showing the relation 
between values used for judgment and regenera- 
tion interval, (b) a diagram showing an engine op- 
eration area (B) when the PM1 <= the PMs < the 
PM2, and (c> a diagram showing an engine opera- 
tion area (A + B) when the PM2 <= the PMs < the 
PM3; and 

Fig. 17 is a diagram showing the relation between 
the operation area of engine (torque and engine 
speed) and the mechanism of the PM cleaning in 
the exhaust gas, in a continuous regeneration type 
diesel particulate filer unit of the related art. 

DETAILED DESCRIPTION OF THE INVENTION 

[0037] Now, the diesel particulate filer unit (referred 
to as DPF unit, hereinafter) of a first embodiment of the 
present invention shall be described referring to draw- 
ings. 

[0038] Fig. 1 shows the composition of a DPF unit 1 
of the first embodiment. The DPF unit 1 shown in Fig. 1 
is a continuous regeneration type DPF unit, installed in 
a exhaust passage 2 of an engine E, having an oxidation 
catalyst 3 and a filter with catalyst 4 disposed from the 
upstream side. 

[0039] In addition, a first exhaust pressure sensors 51 
is installed at the exhaust entrance side of the oxidation 
catalyst 3, and, a second exhaust pressure sensors 52 
is installed at the exhaust exit side of the filter with cat- 
alyst 4, for controlling the regeneration of the filter with 
catalyst 4. 

[0040] Output values Pe, Peb from these sensors are 
input to an engine control unit (ECU : Engine Control 
Unit) 5 controlling generally the engine operation and, 
at the same time, including a regeneration control 
means 50 for performing regeneration control and re- 
generation operation of the filter with catalyst 4, and a 
control signal output from the control unit 5 controls a 
fuel injection unit 6 of the engine E. 
[0041] On the other hand, the oxidation catalyst 3 is 
formed by supporting an oxidation catalyst such as plat- 
inum (Pt)/y alumina or the others, on a support of hon- 
eycomb structure made of porous ceramics or the oth- 
ers. The filter of the filter with catalyst 4 is formed with 
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a monolith honeycomb form wall flow type filer where 
the inlet and the outlet of a channel of a honeycomb 
made of porous ceramics are obtruded alternately, a felt 
shape filter made by laminating randomly organic fibers 
of alumina or the like, or the others. It is composed by 
supporting a catalyst such as platinum (Pt)/y alumina or 
the others on a portion of the filter. 
[0042] Then, in case of adopting a monolith honey- 
comb form wall flow type as filter of the filter with catalyst 
4, particulates (referred to as the PM hereinafter) in an 
exhaust gas G are trapped by a porous ceramic wall. In 
case of adopting a fiber form filter type, the PM are 
trapped by organic fibers of the filter. 
[0043] Next, a regeneration control method in the 
DPF unit 1 of the aforementioned composition shall be 
described. 

[0044] The regeneration control method is executed 
by a control program loaded on the control unit 5, or a 
regeneration control means 50 formed of a control pro- 
gram loaded on the control unit 5, input/output units, or 
the others, and the judgment of the start of regeneration 
operation is performed according to a judgment flow of 
regeneration start timing as illustrated in Fig. 2. 
[0045] The judgment flow of regeneration start timing 
as illustrated is executed in parallel with a (not shown) 
control flow of the engine E, and a correction flow of ex- 
haust pressure judgment value as shown in Fig. 3 de- 
scribed below. In addition, as necessary, a judgment of 
regeneration operation start is performed by inputting, 
an exhaust pressure judgment value APes for judgment 
of regeneration operation start corrected by the correc- 
tion flow of the exhaust pressure judgment value of Fig. 
3, and in case of judging as start timing, an indication of 
starting the regeneration mode operation which is a re- 
generation process is emitted. 

[0046] In short, it is so composed that the flow is called 
and executed reiteratively every fixed time, with the cor- 
rection flow of the exhaust pressure judgment value, 
during the operation control of the engine E, and upon 
termination of the control of the engine E, these flows 
are not called no more, and substantially, the regener- 
ation operation of the filter with catalyst 4 terminates at 
the same time. 

[0047] In the judgment flow of regeneration start tim- 
ing shown in Fig. 2, at the start, an exhaust pressure Pe 
measured by the first exhaust pressure sensors 51 in- 
stalled upstream the filter 4 and an exhaust pressure 
Peb measured by the second exhaust pressure sensors 
52 installed downstream the filter 4 are input forjudging 
the regeneration control start, in a step S110. 
[0048] In a step S120, a differential pressure APe = 
Pe - Peb is calculated, and in a step S130, an exhaust 
pressure judgment valueAPes for judging the regener- 
ation control start corrected by the correction flow of the 
exhaust pressure judgment value of Fig. 3 is input. 
[0049] Then, in a step S140, the differential pressure 
APe and a predetermined exhaust pressure judgment 
valueAPes are compared, and when the measured ex- 
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haust pressureAPe exceeds the predetermined exhaust 
pressure judgment valueAPes, the start of regeneration 
mode operation is indicated in a step S150 before re- 
turn, and if not exceeding, it returns as it is. 

5 [0050] As processes of the regeneration mode oper- 
ation, in the DPF unit 1 of Fig. 1 , the exhaust gas tem- 
perature raises and the oxidation catalyst 3 is activated 
by the retard of main injection and, furthermore, by the 
execution of post injection, in the fuel injection control. 

10 At the same time, the PM is removed through chemical 
reaction by the catalyst supported by the filter with cat- 
alyst 4, thus regenerating the filter with catalyst 4. 
[0051] Then, concerning exhaust pressure judgment 
valueAPes for judging the regeneration control start to 

15 be used for the foregoing, it is so configured that the ash 
accumulated quantity SAsh of combustion remaining 
ash of lubricant oil of the engine E leaked into the ex- 
haust gas G and accumulated in the filter 4 is estimated 
and the exhaust pressure judgment value APes is cor- 

20 rected and compensated based on the ash accumulated 
estimation value SAsh. 

[0052] These correction and compensation are car- 
ried out according to the correction flow of the exhaust 
pressure judgment value as illustrated in Fig. 3. 

25 [0053] When the flow starts, first of all, in a step S21 0, 
torque Q and engine speed Ne indicating the operation 
state of the engine E are input. In a following step S220, 
from these torque Q and engine speed Ne, the ash 
quantity Ash of ash to be accumulated in the filter 4 with- 

30 in a unit time (At) are calculated from a preliminarily input 
map data Mash (Q, Ne) as shown in Fig. 4. 
[0054] For the value of the map data Mash (Q, Ne), 
the ash quantity Ash of ash to be accumulated in the 
filter with catalyst 4 corresponding the torque Q and en- 

35 gine speed Ne is determined, through a preliminary ex- 
periment, computation or the others, and input before- 
hand in the regeneration control means 50. It should be 
appreciated that it may be input beforehand in the re- 
generation control means 50, as a function fash (Q, Ne) 

40 calculating As from Q and Ne in place of map data. 
[0055] In a step S230, the calculated ash quantity Ash 
is added to the ash accumulated estimation value SAsh 
(SAsh = SAsh + Ash x At). 

[0056] In short, the regeneration control means 50 is 
45 configured so that the ash quantity Ash of ash to be ac- 
cumulated in the filter with catalyst 4 in an operation 
state of an engine E is calculated from the torque Q and 
engine speed Ne of that engine E, and the calculated 
ash quantity Ash is submitted to a cumulative computa- 
50 tion, for calculating the ash accumulated estimation val- 
ue SAsh = Z (Ash x At). 

[0057] Then, in a step S240, as shown in Fig. 5, an 
exhaust pressure coefficient cc1 corresponding to the 
ash accumulated estimation value SAsh is calculated, 
55 and in a step S250, an reference judgment value APeO 
in an operation state of an engine E is determined from 
the torque Q and engine speed Ne of that engine E of 
the time when exhaust pressures Pe, Peb for judgment 



8 



15 



EP 1 234 959 A2 



16 



of regeneration start timing are measured by the ex- 
haust pressure sensors 51 , 52. 
[0058] In the calculation of reference judgment value 
APeO also, the reference judgment value A PeO(Q, Ne) 
for judgment of start timing of regeneration operation 
concerning the operation state of an engine of engine 
torque Q and engine speed Ne is determined before- 
hand by experiment or computation, and the same is 
prepared as map data MApe (Q, Ne) or function fApeO 
(Q, Ne) and the same is used. 

[0059] Then, in a step S260, the exhaust pressure 
judgment value APes is corrected (compensated), and 
the correction is realized by substituting the exhaust 
pressure judgment value APes with a value cc1 x APeO 
determined by the reference judgment value APeO by 
an exhaust pressure coefficient oc1 , namely, APes = a1 
x APeO being assumed. 

[0060] At last, in a step S260, the corrected exhaust 
pressure judgment value APes is output, before Return. 
[0061] According to the DPF unit 1 of the first embod- 
iment of the aforementioned composition and the regen- 
eration control method of the same, the following effects 
can be expected. 

[0062] The effect of accumulation in the filter with ash 
4 of ash left after the combustion of lubricant oil leaking 
from the combustion chamber of an engine E into the 
exhaust gas G on the exhaust pressure Pe, Peb can be 
reflected on the judgment of regeneration start timing, 
because the exhaust pressure judgment value APes to 
be used for judging the regeneration operation start is 
corrected with the ash accumulated estimation value 
SAsh, all the way estimating the state of accumulation 
on the filter with catalyst 4 of ash left after the combus- 
tion of lubricant oil of the engine E. As the result, the 
judgment of regeneration start timing is performed al- 
ways appropriately. 

[0063] Then, the ash quantity Ash accumulating In the 
filter with catalyst 4 is calculated, using the relation be- 
tween torque Q of engine and engine speed Ne, and 
ash accumulation quantity Ash accumulating or depos- 
iting in the filter with catalyst 4 in such engine operation 
state, and the ash accumulated estimation value can be 
estimated correctly by a simple algorithm, by calculating 
the accumulated estimation value SAsh through a cu- 
mulative computation of the ash quantity. 
[0064] In addition, as the correction of exhaust pres- 
sure judgment valueAPes is realized by a simple com- 
putation of substituting with a value a1 x APeO deter- 
mined by multiplying the reference judgment valueAPeO 
by an exhaust pressure coefficient a1 corresponding to 
the accumulated estimation value SAsh, the operation 
for reflecting the effect of ash of lubricant oil on the judg- 
ment of regeneration start timing can be performed by 
an extremely simple computation. 
[0065] Moreover, as the reference judgment value A 
PeO is calculated from the torque Q of engine and the 
engine speed Ne, determined beforehand through ex- 
periment or computation, the measured exhaust pres- 



sure Pe, Peb and the exhaust pressure judgment value 
APes for comparison can be compared one the other for 
the operation state of a same engine. Consequently, the 
difference of exhaust pressure Pe, Peb due to the dif- 
5 ference of operation state of the engine is cancelled, and 
the judgment of regeneration start timing can be per- 
formed more finely. 

[0066] It should be appreciated that concerning the 
judgment of start timing of the regeneration operation, 

10 in addition to the embodiment, there is also a DPF unit 
for starting the regeneration operation, when a meas- 
ured exhaust pressure Pe exceeds a predetermined ex- 
haust pressure judgment value Pes, by comparing the 
exhaust pressure Pe measured by the exhaust pressure 

15 sensors 51 installed upstream the filter 4 and the pre- 
determined exhaust pressure judgment value Pes and 
a regeneration control method of the same. 
[0067] There is also a DPF unit for comparing the 
pressure ratio Re = Pe/Peb of an exhaust pressure Pe 

20 measured by the exhaust pressure sensors 51 installed 
upstream the filter 4 and an exhaust pressure Peb 
measured by the exhaust pressure sensors 52 installed 
downstream the filter 4 and a predetermined pressure 
ratio judgment value Res, and starting the regeneration 

25 operation when the measured pressure ratio Re ex- 
ceeds the predetermined pressure ratio judgment value 
Res and a regeneration control method of the same. 
[0068] Besides, there are DPF units and regeneration 
control methods thereof by the combination of these 

30 several judgments; however, the DPF unit and regener- 
ation control method of the present invention includes 
not only these DPF units and regeneration control meth- 
ods thereof, but also the other DPF units and regener- 
ation control methods thereof using the exhaust pres- 

35 sure for judging the start timing of regeneration opera- 
tion. 

[0069] Now, the continuous regeneration type DPF 
unit of a second embodiment of the present invention 
shall be described referring to the drawings. 

40 [0070] Fig. 7 shows the composition of the continuous 
regeneration type DPF unit of the second embodiment. 
The continuous regeneration type DPF unit 1 A is a unit 
installed in an exhaust passage 2 of an engine E, having 
an oxidation catalyst 3 and a filter with catalyst 4 dis- 

45 posed from the upstream side. 

[0071] In addition, a first exhaust pressure sensors 51 
is installed at the exhaust entrance side of the oxidation 
catalyst 3, and, first temperature sensors 53 between 
the oxidation catalyst 3 and the filter with catalyst 4, a 

so second exhaust pressure sensors 52 and a second tem- 
perature sensors 54 at the exhaust exit side of the filter 
with catalyst 4, for controlling the regeneration of the fil- 
ter with catalyst 4. 

[0072] Output values from these sensors are input to 
55 an engine control unit (ECU : Engine Control Unit) 5 per- 
forming a general control of the engine operation and, 
at the same time, performing the regeneration control of 
the filter with catalyst 4, and a control signal output from 
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the control unit 5 controls a fuel injection unit 6 of the 
engine. 

[0073] On the other hand, the oxidation catalyst 3 is 
formed by supporting an oxidation catalyst such as plat- 
inum (Pt)/y alumina, zeolite or the others, on a support 
of honeycomb structure made of porous ceramics or the 
others, and the filter with catalyst 4 is formed with a mon- 
olith honeycomb form wall flow type filer where the inlet 
and the outlet of a channel of a honeycomb made of 
porous ceramics are obtruded alternately, a felt shape 
filter made by laminating randomly organic fibers of alu- 
mina or the like, or the others. It is composed by sup- 
porting a catalyst such as Pt, y alumina, zeolite or the 
others on a portion of the filter. 

[0074] Then, in case of adopting a monolith honey- 
comb form wall flow type as filter of the filter with catalyst 
4, particulates (referred to as the PM hereinafter) in an 
exhaust gas G are trapped by a porous ceramic wall, 
while in case of adopting a fiber form filter type, the PM 
are trapped by organic fibers of the filter. 
[0075] Next, a regeneration control method in the con- 
tinuous regeneration type DPF unit 1A of the aforemen- 
tioned second embodiment be described. 
[0076] The regeneration control method is executed 
according to a flow as illustrated in Fig. 8 to fg13. 
[0077] For the convenience of description, these illus- 
trated flows are shown as regeneration control flows 
called and executed reiterativeiy, in parallel with a con- 
trol flow of the engine E. In short, it is so composed that 
the flow is called and executed reiterativeiy every fixed 
time in parallel during the operation control of the engine 
E, and upon termination of the control of the engine E, 
these flows are not called no more, and substantially, 
the regeneration operation of the filter with catalyst 4 
terminates at the same time. 

[0078] The regeneration control flow is configured to 
start the regeneration mode operation not only when the 
exhaust pressure Pe to be detected by the first exhaust 
pressure sensors 51 exceeds a predetermined first ex- 
haust pressure judgment value Pemax, but also when 
the accumulation quantity of the PM in the filter with cat- 
alyst 4, namely the PM accumulated estimation value 
the PMs exceeds a predetermined the PM judgment val- 
ue the PMmax. 

[0079] In the regeneration control flow illustrated in 
Fig. 8, first of all, in a step S21, it is judged if the PM 
accumulated estimation value the PMs exceeds the pre- 
determined the PM judgment value the PMmax, or if the 
exhaust pressure Pe exceeds the predetermined first 
exhaust pressure judgment value Pemax, and if either 
one is the case, it shifts to the regeneration mode oper- 
ation in a step S30, and if neither one is the case, it Re- 
turns. 

[0080] The flow of the regeneration mode operation 
in the step S30 is composed of a series of operations 
including a cut of EGR (exhaust gas recirculate com- 
bustion) in a step S31, a temperature elevation first 
stage for preheating by retarding the timing of main in- 
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jection of fuel injection in a step S32, a temperature el- 
evation second stage for performing a post injection in 
a step S33 and injection of a fixed quantity of fuel for 
starting the PM combustion, a temperature elevation 

5 third stage for burning the PM by incrementing the in- 
jection quantity of post injection in a step S34, a tem- 
perature elevation fourth stage for purging the PM by 
incrementing further the injection quantity of post injec- 
tion in a step S35, and a termination of regeneration 

10 mode operation in a step S36. 

[0081] Now, each step shall be described in detail. 

[Estimation of accumulated value of the PM] 

15 [0082] The calculation of the PM accumulated estima- 
tion value the PMs used for judgment of shifting to the 
regeneration mode operation in the step S21 shall be 
described in detail. 

[0083] The PM accumulated estimation value the 
20 PMs is executed according to the PM accumulated es- 
timation flow as illustrated in Fig. 9. 
[0084] In the PM accumulated estimation flow of the 
Fig. 9, when the flow starts, first of all, in a step S11, 
torque Q and engine speed Ne showing the operation 
25 state of the engine E, and, a DPF entrance temperature 
T1 measured by the first temperature sensors 53 are 
input. 

[0085] In a following next step S12, a DPF entrance 
temperature Tb at the balance point (BP) is calculated 

30 from these torque Q and engine speed Ne by means of 
a preliminarily input map data Mtb (Q, Ne). 
[0086] The balance point means a portion at the 
boundary of an area (portion A in Fig. 1 5) where the cap- 
tured the PM does not burn and the PM are accumulat- 

35 ed, because the exhaust gas temperature is low, and 
the catalyst activity is low, during an ordinary operation 
without filter regeneration operation or the others and 
an area (portion B in Fig. 15) where the exhaust gas 
temperature is high, the captured the PM burns by cat- 

40 alyst action, and the accumulated the PM diminishes, 
or a portion (on the line C in Fig. 1 5) in a balanced state 
without accumulation of the PM on the filter with catalyst 
4 nor decrease thereof. 

[0087] Then, in a step S13, it is judged if a measured 
<5 DPF entrance temperature Te is equal or inferior to the 
DPF entrance temperature Tb at the balance point or 
not, namely, if it is in the area (portion A in Fig. 15) of 
the PM accumulation where the operation state of the 
engine E is in low torque and low revolution speed or not. 
50 [0088] In the judgment of the step S13, if the meas- 
ured DPF entrance temperature Te is equal or inferior 
to the DPF entrance temperature Tb at the balance 
point, namely, if it is in the PM accumulation area (A), in 
a step S1 4, the deposited the PM quantity for every such 
55 time on the filter corresponding to the torque Q and en- 
gine speed Ne is calculated from a preliminarily input 
the PMa (Q, Ne) map data of Fig. 15(b), and this the 
deposited the PM quantity is added to the PM accumu- 
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lated estimation value the PMs, before Return. 
[0089] On the other hand, in the judgment of the step 
S13, if the measured DPF entrance temperature Te is 
superior to the DPF entrance temperature Tb at the bal- 
ance point, namely, if it is in the PM decrease area (B), 
in a step S15, the PM quantity to be removed corre- 
sponding to the torque Q and engine speed Ne is cal- 
culated from a preliminarily input the PMb (Q, Ne) map 
data of Fig. 15(c), and the PM quantity is subtracted to 
the PM accumulated estimation value the PMs, before 
going to a step S16. 

[0090] In the step S1 6, it is judged if the PM accumu- 
lated estimation value the PMs is larger than zero or not, 
namely, if the PM is in a deposited state or not and, in 
the judgment of the step S1 6, in case where the PM ac- 
cumulated estimation value the PMs is smaller than ze- 
ro, the PM accumulated estimation value the PMs is set 
to zero in a step S1 7 before Return, and in case of larger 
than zero, Return as it is. 

[Judgment for start of regeneration mode operation} 

[0091] In the step S21 of Fig. 8, it is judged if the PM 
accumulated estimation value the PMs exceeds the pre- 
determined the PM judgment value the PMmax, or if the 
exhaust pressure Pe exceeds the predetermined first 
exhaust pressure judgment value Pemax, and more 
precisely, the judgment of the PM accumulated estima- 
tion value the PMs is controlled to enter the regeneration 
mode operation in case where the PM accumulated es- 
timation value the PMs is between the PM1 and the 
PM2, as shown in Fig. 16(a), and the operation state of 
engine (torque Q, engine speed Ne) is in an oblique line 
portion (A) under the balance point of Fig. 16(b) and in 
case where the PM accumulated estimation value the 
PMs is between the PM2 and the PM3. It should be ap- 
preciated that, in case of between the PM2 and the PM3, 
the operation state of engine (torque Q, engine speed 
Ne) is in an oblique line portion (A+B) of Fig. 16(c), 
namely, in the full operation state. 

[Temperature elevation first stage: preliminary heating] 

[0092] Then, in a step S32 of Fig. 8, the timing of the 
main injection of fuel injection is retarded, and the ex- 
haust gas temperature is raised by the retard operation; 
however, in the step S32, as shown in a detail flow of 
Fig. 10, in a step S32a, the main injection is retarded, 
and the exhaust gas temperature is raised by the retard 
operation. In a next step S32b, it is judged if the DPF 
entrance temperature (exhaust gas temperature) Te 
measured by the first temperature sensors 53 exceeds 
a predetermined first target temperature Te1 (for exam- 
ple 200 to 250 °C) or not, and if it does not exceeds, the 
retard quantity of main injection of fuel injection is incre- 
mented in a step S32c, and the DPF entrance temper- 
ature Te is raised to equal or superior to the first target 
temperature Tel. 
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[0093] Moreover, in case where the DPF entrance 
temperature Te exceeds the predetermined first target 
temperature Te1 in the step S32b and a predetermined 
first time value t1 or more has elapsed, it goes to a step 
5 S33. 

[0094] A preliminarily heating is performed by the el- 
evation of the exhaust gas temperature and the oxida- 
tion catalyst 3 is heated. The temperature elevation and 
activation of the catalyst avoids generation of white 
smoke by the post injection. , 

[0095] It should be appreciated that the retard opera- 
tion of main injection is sustained up to the termination 
of the regeneration mode operation. 

[Temperature elevation second stage: the PM 
combustion start] 

[0096] In addition, in a step S33 of Fig. 8, the post 
ignition is performed, and a fixed quantity of fuel is post 
injected. Furthermore, the exhaust gas temperature is 
raised until the DPF entrance temperature Te attains a 
second target temperature Te2. The second target tem- 
perature Te2 is a temperature allowing the PM to burn 
as shown in Fig. 1 5, higher than the DPF entrance tem- 
perature Tb at the balance point by a predetermined 
temperature (for example 50 °C), of the order of about 
250 °C to 350 °C. 

[0097] In the step S33, as shown in a detailed flow of 
Fig. 11 , a post injection of a fixed quantity is performed 
in a step S33a, and further, the DPF entrance tempera- 
ture Te is raised to the second target temperature Te2. 
In a following step S33b, the post injection timing is con- 
trolled until the exhaust pressure Pe (or differential pres- 
sure APe) becomes equal or inferior to a predetermined 
second exhaust pressure value Pe2b (or second differ- 
ential pressure APe2) and the second target tempera- 
ture Te2 is maintained. Also, it can be maintained by 
controlling the injection quantity. 
[0098] The exhaust pressure Pe is an exhaust pres- 
sure value measured by the first exhaust pressure sen- 
sors 51 at the exhaust entrance side of the oxidation 
catalyst 3, and the differential pressure APe is a differ- 
ence APe = Pe - Peb of the exhaust pressure Pe meas- 
ured by the first exhaust pressure sensors 51 and the 
exhaust pressure Peb measured by the second exhaust 
pressure sensors 52 at the exhaust exit side of the filter 
with catalyst 4. 

[0099] Then, in a step S33c, it is judged either if the 
exhaust pressure Pe (or differential pressure APe) has 
become equal or inferior to the predetermined second 
exhaust pressure value Pe2 (or second differential pres- 
sure A Pe2), or the second target temperature Te2 is 
maintained for a predetermined second time value t2 
(for example 300s) and if either one is the case, it shifts 
to a step S34, and neither on is the case, it returns to 
the step S33b. 

[0100] Thereafter, the temperature of the filter with 
catalyst 4 is raised, to start burning the PM. 
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[0101] Then, the start of the PM combustion can be 
confirmed by the fact that the exhaust pressure Pe (or 
differential pressure APe) becomes equal or inferior to 
the predetermined second exhaust pressure value Pe2 
(or second differential pressure APe2). 

[Temperature elevation third stage : the PM combustion] 

[0102] In a following step S34 in Fig. 8, the ignition 
amount of post ignition is incremented, the exhaust gas 
temperature is raised and controlled to be appropriate 
for the PM combustion, namely, so that the DPF en- 
trance temperature Te becomes a third target tempera- 
ture Te3 which is superior to the second target temper- 
ature Te2. The third target temperature Te3 is a temper- 
ature higher than the DPF entrance temperature Tb at 
the balance point by a predetermined temperature (for 
example 1 50 °C), of the order of about 350 °C to 500 °C. 
[0103] In the step S34, as shown in a detailed flow of 
Fig. 1 2, the ignition amount of post ignition is increment- 
ed in a step S34a. In a following step S34b, the injection 
quantity of post injection is controlled until the exhaust 
pressure Pe (or differential pressure APe) becomes 
equal or inferior to a predetermined third exhaust pres- 
sure value Pe3 (or third differential pressure APe3) and 
the third target temperature Te3 is maintained. 
[0104] Then, in a step S34c, it is judged either if the 
exhaust pressure Pe (or differential pressure APe) has 
become equal or inferior to the predetermined third ex- 
haust pressure value Pe3 (or third differential pressure 
APe3), or the third target temperature Te3 is maintained 
for a predetermined third time value t3 (for example 
600s) and if either one is the case, it shifts to a step S35, 
and neither one is the case, it returns to the step S34b. 
[0105] In the step S34, the PM combustion is per- 
formed at an optimal temperature, by controlling the ig- 
nition amount of post ignition. 

[Temperature elevation fourth stage : the PM purge] 

[0106] In a step S35 in Fig. 8, the ignition amount of 
post ignition is further incremented and controlled so 
that the DPF entrance temperature Te becomes a fourth 
target temperature Te4 (for example 600 °C). 
[0107] In the step S35, as shown in a detailed flow of 
Fig. 1 3, the ignition amount of post ignition is increment- 
ed in a step S35a. In a following step S35b, the injection 
quantity of post injection is controlled until the exhaust 
pressure Pe (or differential pressure APe) becomes 
equal or inferior to a predetermined fourth exhaust pres- 
sure value Pe4 (or fourth differential pressure APe4) and 
the DPF entrance temperature Te is maintained at the 
fourth target temperature Te4. 

[0108] Then, in a step S35c, it is judged either if the 
exhaust pressure Pe (or differential pressure APe) has 
become equal or inferior to the predetermined fourth ex- 
haust pressure value Pe4 (or fourth differential pressure 
APe4), or the fourth target temperature Te4 is main- 
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tained for a predetermined fourth time value t4 (for ex- 
ample 300s) and if either one is the case, it shifts to a 
step S36, and neither one is the case, it returns to the 
step S35b. 

5 [0109] By the temperature elevation operation, it is 
planned to purge the PM captured in the filter. 

[Termination of regeneration mode operation] 

[0110] Then, in a step S36 shown in Fig. 8, the regen- 
eration mode operation is terminated, the fuel injection 
is reset to the normal, and at the same time, the PM 
computation cumulative value the PMs is reset to zero. 
[0111] It should be appreciated that, if the exhaust 
pressure Pe is checked and memorized during the re- 
generation termination, and becomes superior to a pre- 
determined exhaust pressure value Pemax, a warning 
lamp turns on, for informing the driver of the end of life 
of the filter. 

[0112] In addition, in respective stages of the afore- 
mentioned flow, the DPF entrance temperature Te is 
monitored, and if it becomes equal or superior to a limit 
temperature (Temax: for example 700 °C), the post in- 
jection is suspended and, at the same time, the retard 
operation of main injection is cancelled, interrupting the 
regeneration mode operation. This allows to avoid the 
fusion damage of the filter by a sudden temperature el- 
evation due to the PM combustion. 
[0113] Along with them, in case where the tempera- 
ture Teb measured by the second temperature sensors 
54 installed at the exhaust exit side of the filter with cat- 
alyst 4 becomes equal or or superior to a predetermined 
temperature, the torque is decreased automatically, or 
other engine running operations are performed for pre- 
venting the filter with catalyst 4 from fusion damage. 
[01 14] Moreover, in case of interruption of the regen- 
eration processing, the PM remaining quantity the PMs* 
is estimated from exhaust pressure Pe' at the previous 
regeneration termination, exhaust pressure Pe" at the 
beginning of regeneration of this time, and exhaust pres- 
sure Pe at the regeneration interruption, and the PM re- 
maining quantity the PMs* is adopted as the value at the 
beginning of integration of the PM accumulated estima- 
tion value the PMs. 

[0115] Besides, the relation among the first exhaust 
pressure value Pemax, the second exhaust pressure 
value Pe2 (or second differential pressure value A Pe2), 
the third exhaust pressure value Pe3 (or third differential 
pressure value APe3), and the fourth exhaust pressure 
value Pe4 (or fourth differential pressure APe4) de- 
creases in the order. In short, they are in a relation of 
Pemax > Pe2 > Pe3 > Pe4 (orAPe2 >APe3 >APe4). 
[01 16] In the regeneration control method of the con- 
tinuous regeneration type DPF unit of the second em- 
bodiment as mentioned above, the regeneration of the 
filter with catalyst 4 is performed in a time series of the 
DPF entrance temperature Te as shown in Fig. 14, as 
mentioned below. 
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[0117] If the PM deposits during an engine operation 
such as ordinary traveling state or idling state or the oth- 
ers, the PM accumulated estimation value the PMs be- 
comes superior to a predetermined judgment value the 
PMmax or the exhaust pressure Pe becomes superior 5 
to the first exhaust pressure value Pemax, it shifts to the 
regeneration mode of the step S30, by the judgment of 
the step S21 in Fig. 8. 

[01 1 8] At the regeneration mode start point of time ts, 
EGR (exhaust gas recirculate combustion) is cut in the 10 
step S31, and at the same time, the timing of main in- 
jection of fuel injection is retarded in the step S32, and 
the exhaust gas temperature is raised by the retard op- 
eration. 

[01 19] Moreover, if the DP F entrance temperature Te 15 
exceeds the first target temperature Te1 (about 200 to 
250 °C), in the step S33, the post injection is performed, 
and a fixed quantity of post injection is executed. Fur- 
thermore, the DPF entrance temperature Te is raised to 
the second target temperature Te2 (about 350 °C), for 20 
starting the PM combustion. 

[0120] Then, when the start of the PM combustion is 
confirmed by the fact that the exhaust pressure Pe (or 
differential pressure APe) becomes equal or inferior to 
the predetermined second exhaust pressure value Pe2 25 
(or second differential pressure APe2), in the step S34, 
the injection quantity of post injection is incremented, 
and the DPF entrance temperature Te is controlled to 
maintain the third target temperature Te3 (about 500 
°C), so that the exhaust gas temperature becomes a 30 
temperature appropriate for the PM combustion, and the 
PM combustion is performed at a temperature optimal 
for the PM combustion. 

[0121] Then, combustion of almost all accumulated 
the PM is confirmed by the fact that the exhaust pres- 35 
sure Pe (or differential pressure APe) becomes equal or 
inferior to the predetermined third exhaust pressure val- 
ue Pe3 (or third differential pressure APe3), and in a step 

535, the injection quantity of post injection is increment- 
ed furthermore, for purging the PM captured by the filter. 40 
[01 22] Then, the termination of the PM combustion is 
confirmed by the fact that the exhaust pressure Pe (or 
differential pressure APe) becomes equal or inferior to 

the predetermined fourth exhaust pressure value Pe4 
(or fourth differential pressure APe4), and in the step 45 

536, the regeneration mode operation is terminated, the 
fuel injection is reset to the normal, and at the same time, 
the PM computation cumulative value the PMs is reset 
to zero. 

[0123] The filter with catalyst 4 is regenerated by the 50 
series of regeneration control. 

[0124] According to the aforementioned continuous 
regeneration type diesel particulate filter (DPF) unit and 
the regeneration control method of the same, the follow- 
ing effects can be expected. 55 
[0125] The oxidation catalyst disposed upstream the 
continuous regeneration type filter with catalyst can ox- 
idize carbon monoxide (CO) and unburned fuel (HC) or 



the like in the exhaust gas, for raising the exhaust gas 
temperature flowing into the filter with catalyst; there- 
fore, the temperature of the filter with catalyst can raise 
even in an engine operation state at a relatively low ex- 
haust gas temperature, allowing to burn and remove 
particulates (the PM) being captured. 
[0126] Then, in a normal operation, during an opera- 
tion state of an engine of low torque, low revolution 
speed, or the others where captured particulates are not 
burned and not removed, the PM can be burned and 
removed by raising the exhaust gas temperature, 
through retard operation of main injection timing of fuel 
injection and post injection. 

[0127] Consequently, the filter with catalyst is not 
clogged even during a prolonged idling operation, a low 
speed operation, or other operation state of an engine 
of low torque, low revolution speed, or the others where 
captured particulates are not burned and not removed, 
allowing to capture continuously particulates in the ex- 
haust gas. 

[0128] On the other hand, as combustion of particu- 
late can be controlled by controlling the exhaust gas 
temperature through retard operation of main injection 
timing or post injection of fuel injection, without using a 
heating heater, the fuel injection can be performed by a 
fuel injection control unit which is already installed; 
therefore, it becomes unnecessary to install additionally , 
a heater for heating, a power supply, or other new equip- 
ment or new control units, allowing to make the unit com- 
pact. 

[0129] In addition, the temperature of exhaust gas en- 
tering the filter with catalyst is raised in two (2) stages 
or in multiple stages, allowing to prevent a sudden ele- 
vation of temperature provoked by a sudden combus- 
tion of deposited the PM in a chain reaction manner, and 
to avoid the fusion damage of the filter with catalyst. 
[0130] Moreover, the regeneration mode operation is 
entered based on the PM accumulated estimation value 
by the computation, the regeneration processing of the 
filter with catalyst can be performed at an optimal timing. 
Therefore, the particulate can be captured, burned and 
removed efficiently, all the way preventing the fuel effi- 
ciency from deteriorating. 

[0131] Furthermore, a preliminarily heating is per- 
formed by the elevation of exhaust gas temperature and 
the oxidation catalyst is preheated when the regenera- 
tion mode operation starts, and then the post injection 
is performed, allowing to prevent generation of white 
smoke, that otherwise appears often during the regen- 
eration start. 



Claims 

1. A diesel particulate filer unit (1) comprising; a filter 
(4) for capturing particulates in the exhaust gas (G) 
of diesel engine (E), an exhaust pressure sensors 
(51, 52) disposed in an exhaust passage (2) and a 
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2. The diesel particulate filer unit of claim 1 , wherein 

the regeneration control means (50) calculates an 20 
ash quantity (Ash) accumulated in said filter (4) dur- 
ing an engine operation state, from a torque (Q) of 
the engine (E) and an engine speed (Ne), and cal- 
culates the ash accumulated estimation value 
(SAsh), through the cumulative computation of the 25 
calculated ash quantity (Ash). 

3. The diesel particulate filer unit of claim 1 or claim 2, 
wherein the regeneration control means (50) calcu- 
lates an exhaust pressure coefficient (a 1 ) corre- 30 
sponding to said ash accumulated estimation value 
(SAsh), and corrects said exhaust pressure judg- 
ment value (APes, Pes, Res), to a value determined 

by multiplying a reference judgment value (APeO, 
PeO, ReO) by the exhaust pressure coefficient 35 
(a1). 

4. The diesel particulate filer unit of claim 3, wherein 
the regeneration control means (50) calculates said 
reference judgment value (APeO, PeO, ReO), from 40 
the torque (Q) of the engine (E) and the engine 
speed (Ne), when the exhaust pressure (Pe, Peb) 

for judging the regeneration start timing is meas- 
ured by said exhaust pressure sensors (51 , 52). 

45 

5. A continuous regeneration type diesel particulate 
filer unit (1A) comprising; a filter with catalyst (4) for 
capturing particulates in the exhaust gas (G) from 
a diesel engine (E) and, burning the captured par- 
ticulates by catalytic action, wherein 50 
an oxidation catalyst (3) is disposed upstream the 
filter with catalyst (4), for raising the exhaust gas 
temperature through oxidation of HC and CO in the 
exhaust gas. 

55 

6. The continuous regeneration type diesel particulate 
filer unit of claim 5, comprising; a regeneration con- 
trol means (50) for performing a regeneration 



processing against the clogging of said filter with 
catalyst (4) and, wherein said regeneration control 
means (50) is configured to activates said oxidation 
catalyst (3) by raising the exhaust gas temperature 
through fuel injection control of the engine (E), dur- 
ing regeneration of said filter with catalyst (4) under 
an engine operation condition where the exhaust 
gas temperature of the engine (E) is lower than an 
activation temperature of said oxidation catalyst (3), 
to burn and remove particulates captured by said 
filter with catalyst (4). 

7. The continuous regeneration type diesel particulate 
filer unit of claim 6, configured to raise the exhaust 
gas temperature by said fuel injection control in mul- 
tiple stages equal or superior to two (2> stages. 

8. The continuous regeneration type diesel particulate 
filer unit of claim 6 or 7, wherein said fuel injection 
control is configured to comprise, at least, either 
one of retard operation of main injection or post in- 
jection operation. 

9. In a diesel particulate filer unit (1 ) comprising; a filter 
(4) for capturing particulates in the exhaust gas (G) 
of diesel engine (E), exhaust pressure sensors (51 , 
52) disposed in an exhaust passage (2) and a re- 
generation control means (50) for starting a regen- 
eration operation of said filter (4), according to the 
judgment results based on a comparison between 
exhaust pressures (Pe, Peb) measured by the ex- 
haust pressure sensors (51, 52) and a predeter- 
mined exhaust pressure judgment value (APes, 
Pes, Res), and regenerating said filter (4) by remov- 
ing particulates captured by said filter (4) through 
combustion or chemical reaction by a catalyst, 

a regeneration control method of the diesel partic- 
ulate filer unit, comprising the steps of; estimating 
an ash accumulated quantity (SAsh) of ash leaked 
into the exhaust gas (G) and accumulated in said 
filer (4), and correcting said exhaust pressure judg- 
ment value (APes, Pes, Res) for judging the regen- 
eration operation start based on an ash accumulat- 
ed estimation quantity (SAsh) . 

10. The regeneration control method of the diesel par- 
ticulate filer unit of claim 9, comprising the steps of; 
calculating an ash quantity (Ash) accumulated in 
said filter (4) during an engine operation state, from 
the torque (Q> of the engine (E) and the engine 
speed (Ne), and calculating the ash accumulated 
estimation value (SAsh), through the cumulative 
computation of the calculated ash quantity (Ash). 

11. The regeneration control method of the diesel par- 
ticulate filer unit of claim 10, comprising the steps 
of; calculating an exhaust pressure coefficient (a1 ) 
corresponding to said ash accumulated estimation 



regeneration control means (50) for starting a re- 
generation operation of said filter (4), according to 
the judgment results based on a comparison be- 
tween exhaust pressures (Pe, Peb) measured by 
the exhaust pressure sensors (51 , 52) and a prede- 5 
termined exhaust pressure judgment value (APes, 
Pes, Res), and regenerating said filter (4) by remov- 
ing particulates captured by said filter (4) through 
combustion or chemical reaction by a catalyst, 
wherein 10 
said regeneration control means (50) is configured 
to estimate the ash accumulated quantity (SAsh) of 
ash leaked into the exhaust gas (G) and accumu- 
lated in said filer (4), and correct said exhaust pres- 
sure judgment value (APes, Pes, Res) for judging *5 
the regeneration operation start based on the ash 
accumulated estimation quantity (SAsh). 
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value (SAsh), and correcting said exhaust pressure 
judgment value (APes, Pes, Res), to a value deter- 
mined by multiplying a reference judgment value 
(APeO, PeO, ReO) by the exhaust pressure coeffi- 
cient (ot1 ). 

12. The regeneration control method of the diesel par- 
ticulate filer unit of claim 11, comprising the steps 
of; calculating said reference judgment value 
(APeO, PeO, ReO), from the torque (Q) of the en- 
gine (E) and the engine speed (Ne), when the ex- 
haust pressures (Pe, Peb) for judging the regener- 
ation start timing are measured by said exhaust 
pressure sensors (51 , 52). 

13. In a continuous regeneration type diesel particulate 
filer unit (1 A) comprising; a filter with catalyst (4) for 
capturing particulates in the exhaust gas (G) from 
a diesel engine (E), and burning the captured par- 
ticulates by catalytic action, and an oxidation cata- 
lyst (3) disposed upstream the filter with catalyst (4), 
for raising the exhaust gas temperature through ox- 
idation of HC and CO in the exhaust gas, 

a regeneration control method of the continuous re- 
generation type diesel particulate filer unit, compris- 
ing the steps of; raising the exhaust gas tempera- 
ture through fuel injection control of the engine (E), 
during regeneration of said filter with catalyst (4) un- 
der an engine operation condition where the ex- 
haust gas temperature of the engine (E) is lower 
than the activation temperature of said oxidation 
catalyst (3), in order to burn and remove particu- 
lates captured by said filter with catalyst (4). 

14. The regeneration control method of the continuous 
regeneration type diesel particulate filer unit of 
claim 1 3, comprising a step of; raising the exhaust 
gas temperature by said fuel injection control in mul- 
tiple stages equal or superior to two (2) stages. 

15. The regeneration control method of the continuous 
regeneration type diesel particulate filer unit of 
claim 13 or 14, wherein said fuel injection control is 
configured to comprise, at least, either one of retard 
operation of main injection or post injection opera- 
tion. 

16. The regeneration control method of the continuous 
regeneration type diesel particulate filer unit of 
claim 15, comprising the steps of; raising, during 
said regeneration, at first, the exhaust gas temper- 
ature through retard operation of fuel main injection, 
and raising further the exhaust gas temperature by 
adding the fuel post injection operation, when the 
temperature (Te) of the exhaust gas (G) flowing into 
said filter with catalyst (4) attains a predetermined 
first target temperature value (Te1). 
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17. The regeneration control method of the continuous 
regeneration type diesel particulate filer unit of 
claim 1 6, comprising the steps of; further raising the 
exhaust gas temperature, by increasing the injec- 

5 tion quantity of fuel post injection, after the temper- 

ature (Te) of the exhaust gas (G) flowing into said 
filter with catalyst (4) attains a predetermined sec- 
ond target temperature value (Te2) by a post injec- 
tion of fuel of a given quantity, during said fuel post 

10 injection operation. 

18. The regeneration control method of the continuous 
regeneration type diesel particulate filer unit of one 
of claims 1 3 to 1 7, comprising the steps of; estimat- 
es ing the quantity of particulate to be accumulated in 

said filter with catalyst (4) during the operation of an 
engine (E) and the quantity of particulate to be 
burned and removed, from the operation state of the 
engine, calculating the accumulated estimation val- 
20 ue (PMs> of particulate by cumulative computation, 
and judging the regeneration start by using whether 
the accumulated estimation quantity (PMs) of the 
particulate has exceeded a predetermined accumu- 
lation quantity (PMmax)or not. 
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